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> the polyphenolic protein and the polymer comprising carbohydrate groups, respectively. The con^osition is espedafly suitable as 
^ an adhesive in ophthalmic therapy. 
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NEW USE OF A BIQADHESIVE OOMPOSmON COMPRISING A POLYPHENOUC 



PROTEIN 



The present tovem,0B rdttes to biodegmdabl. convo«do« »^ 
adhesive. W<«o«v.«ibIepoI)™,s«dmeaKHi,usedto<»»ersmfi«esa«dto 
a««h stn^ctu™, U, eye ti^ues. such „ .he »«... PolyphenoUe p„„eins isolated 
from mussels, refened to » "mussel «lh.sive pmtein" or "MAP", 
coiSunction with poIys«ch«ide, to achieve strong adhesive bonding Tl„ 
m™«ion also relates ,0 a H. consisting „f a MAP prepa^tion, a pn^on of 
polysacch^ides which prefen*ly are negatively charged. ««1 opUonally an 
«.dising agent such as hydrogen peroxide nitropmsside ions orperiodue ions 
.ha. rs used for preparing a composition for covering and attadung structures t^ 
eye tissue, such as coniea. 

Background of the invention 



TT» repair of 0,™nadsed stn^mres on and in an eye and iB adnexa is often 
troublesome. The us. of sumns in e.g. the cornea U causing discomfort, 
defcnnaaons, distonioos and may impair the visual acuity. Other eye comp«.en.s 
such as fte ms. lens s.n,ctures and the retina are difficult or hardly possible to 
s«b»e or «, join with clips and related aids. Furfltennore. suh«, and dips do 
mev-tably induce foreign body reactions and scar fonn^i... The positioning of an 
mrplan. m ocular strucmres. eg. a partial-thickness or ..pe„e.n„i„g „ 
aprosaes.sm,hecomea.re<n.ir.,*euseofd,bo«tedt.ch.U,.esin^ 

useofhapbcsu,keepi.re,.i„edinp,operposition.whichm.yleadtoinitations 
and adverse reactions. Accordingly, cunen. methods for repairing strucnues on. at. 
«Kl m an eye are associated wifl, discomfbn and d,e possibility of inducing 

penn»»M damage .0 U,e visual acm.y. Tie use of a composition enabling 
stnrctur^ witi, wet surfaces to be attached in desired position, remaining adherent 
for a predicted time period wiflmut causing any opacities in optically important 
components, or any deformation. sc«, or unacceptable foreign body reactions 
would therefore be highly desirable. 
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Polyphenolic proteins, prefCTentially isolated from mussels, are known to act as 
adhesives. Examples of such proteins can be foimd in e.g. US 4,585,585. Their 
wide use as adhesives has been hampered by problems related to the purification 
and characterisation of the adhesive proteins in sufficirat amounts. Fuithennore, 
the requirement for biocompatible suitable cross-linkers and other additives have 
limited their use. Chemicals, such as bifimctional conjugating compounds, and 
enzymes are commonly associated witii toxic reactions and other biomedical side 
effects. Additionally, it is difficult to extensively purify enzymes with retained 
high activity, avoiding denaturation and adverse effects on cells, tissues or organs. 

Mussel adhesive protein (MAP) is foimed in a gland in the foot of byssus-forming 
mussels, such as the common blue mussel (Mytilus edulis). The molecular weight 
of MAP from Mytilis edulis is about 130.000 Dalton and it has been disclosed to 
consist of 75 - 80 closely related repeated peptide sequences. The protein is 
further characterised by its many epidermal growth factor like repeats. It has an 
unusual high proportion of hydroxy-containing amino acids such as 
hydroxyproline, serine, threonine, tyrosin, and the uncommon amino acid 3,4 
dihydroxy-L-phenylalanine (Dopa) as well as lysine. It may be isolated either 
from natural sources or produced biotechnologically, US 5,015,677 as well as US 
4,585,585 disclose that MAP has very strong adhesive properties after oxidation 
and polymerisation, e.g. by the activity of the enzyme tyrosinase, or after 
treatment with bifunctiona] reagents. It is veiy important in biomedical 
applications of an adhesive and coating composition to vst bioacceptable and 
biodegradable components, which furthermore should not per se or due to 
contamination induce any inflammation or toxic reactions* Fillers, including 
coUagens and polysaccharides, have been added to improve the mechanical 
properties in cases when MAP was used to bond tissues and structures together, 
further adding to the risk for immunological reactions. 
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^»dh^„^.US5.d30..30.so,e.a.es.a«o««.«ivecC^ 
MAP. „„,too», ^.i,^ (c™«.li„fc„). SDS (sodium dodecy, »,fi«e . 
-^cu.., and eoUagen (a,.,, ^ ^ ^ ^ ^ 

prosthesis to the eye wall. 

d^«e*esupenorp„,p«i«ofMAP;«r«.isd,a.so™eoons«n.en,s in 
~a.ep^y used c^ss-Unkin, agen... ca. ^ 3nd/„ri„i«^ living 
Oa^c and cause toxic and i^nunoiogical .actions. CI,emica1 cr„ssUn«.g 
™c1>.g,u*»a.deHydc.nd«,,,a„„^,^^^J^^^^^ 

»-is.andi.is.UgH,yinapp„,pHa.e.addsuc..gen.toas ^ 

ongu^te flon. a spedcs od^ fl^ a„ p^^ Because of ftei, ^ 
M™-ys^..iU«es.«^.3na.so.a»sensi«ve«ssue.Despi.*^^ 
d^wbacks assoc^ted ^U. 4c p^y used c^s-iinice.. i, „as been „gal, . 

«cessa,,«.inCude*e.,ino„.er.„obuins«fficien.cuHng.f.ebio:i::r 

Accordingly, there is a need for a MAP h»^^A u:^ • 

u lor a MAF-based bioadhesive composition which 

overcomes these drawbacks and hence does not h«rm • 

such as the eye. °' """^^^ '^'^''^ issues 
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Summary of the invention 

Now it has suiprisingly been found that a non-irritating, non-alleigenic and non- 
toxic composition can be obtained by providing a bioadhesive composition 
comprising a) a polyphenolic protein denved from byssus-foiming mussels b) a 
polymer comprising carbohydrate groups. The bioadhesive composition does not 
contain any enzyme or chemical cross-linking agent Optionally, the composition 
may contain an oxidising agent and/or a filler protein. Preferably, the composition 
is provided as a kit of at least two parts, namely the polyphenolic protein and the 
polymer comprising carbohydrate groups, respectively. 

Definitions 

As disclosed herein, the terms "polyphenolic protein", "mussel adhesive protein" 
or "MAP" relates to a bioadhesive protein derived from byssus- forming mussels. 
Examples of such mussels are mussels of the genera Mytilus, Geukensia, 
Aulacomya, Phragmatopoma, Dreissenia and Brachiodontes. Suitable proteins 
have been disclosed in a plurality of publications, e.g.US-A-5,0 15,677, US-A- 
5,242.808, US.A-4,585,585, US-A-5,202,236, US-A-5 149,657, US-A-5,410.023, 
WO 97/34016, and US-A-5,574,134, Vreeland et al., J. Physiol., 34: 1-8, and Yu 
et al., Macromolecules, 31: 4739-4745. They comprise about 30 - 300 amino acid 
residu^ and essentially consist of tandemly linked peptide units optionally 
separated by a junction sequence of 0 - 10 amino acids. A characteristic feature of 
such proteins is a comparatively high amount of positively charged lysine 

s 

residues, and in particular the unusual amino acid DOPA (L-3,4- 
dihydroxyphenylalanine). A polyphenolic protein suitable for use in the presrat 
invention has an amino acid sequence in which at least 5 % and preferably 6-25 
% of the amino acid resdues are DOPA. A few examples of typical peptide units 
are given below. However, it is important to note that the amino acid sequences of 
these proteins are variable and that the scope of the present invention is not limited 
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totbeexempafiedsubse<^encesbeIowasthesld^^ 

a) VaI-Gly.Gly.DOPA.GIy.DOPA.Gly.Ala.Lys 

b) ^*-Lys-Pn».Ser.TyrKliHjp-Hyp.li^.DOPA-Lys 

c) ■nir-<51y.DOPA.Gly-Pxo.Gly.DOPA.Lys 

d) Ala.Giy.DOPA.GIy-Gly.Leu.Lys 

e) Gly-Pn^-DOPA-Val-P,o.Asp-Gly.Pn>.Tyr-Asp-Lys 
0Gty-Lys-Pn.Ser-P,^DOPA.Asp.p„,<51^^^^^ 

g) Gly.DOPA-Lys 

h) Thr.Gly-DOPA-Ser-Ala-Gly-DOPA.Lys 

i) Gln-Thr-Gly-DOPA-Val.p,tvGly-DOPA.Lys 
j) GJ«-Thr.Gly-DOPA.Asp-Pro.Gly.Tyr.Lys 

k) Gln-Thr.GIy-DOPA-Leu.Pn.Gly.DOPA.Lys 

As disclosed herein, the tenn "nolvm^. o« • • 

"-Bllyoccumngorsj^iedcpoIymercompristagaplu^^iK^ 

'^^"^'""•'*«'™Ethsofthe fibres should not excKd i? 
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that is adapted to special applications. Suitable filler proteins according to the 
present invention are collagen, casein, albumin, elastin, fibrin and fibronectin. 

By the term "enzymatic oxidising agent" is meant an enzyme having the ability of 
oxidising MAP in order to promote full or partial cross-linkmg of MAP and/or 
polymere and/or filler proteins. Examples of such enzymes according to the state 
of the art include catechol oxidase and tyrosinase. A composition according to tiie 
present invention does not include an enzymatic oxidising agent. By the term 
"non-enzymatic oxidising agent" is meant a phannaceutically acceptible oxidising 
agent which, at the doses employed, is non-toxic and non-irritating. Examples of 
such non-enzymatic oxidising agents are hydrogen peroxide.and sodium 
nitropnisside.. 

By the term "chemical cross-linking agent" is meant a compound comprising at 
least two fimctional groups that are able to covalently couple to MAP and/or 
polymers and/or filler proteins. Examples of such compounds according to the 
state of the art include glutaraldehyde, formaldehyde, bis(sulfosuccinimi<fyl) 
suberate and 3,3'-difliiobis (sulfosuccimmidyl propionate). A composition 
according to the present invention does not include any chemical cross-linking 
agent 

A composition according to the present invention comprises two mandatory 
components, namely a) a bioadhesive polyphenolic protein, and b) a polymer 
comprising caibohydrate groups. It is preferred that the composition is supplied as 
a kit of parts, wherein Ae above mentioned maiidatoiy components are comprised 
in separate preparations. These preparations are mixed immediately before use. In 
the complete composition, the following concentrations have been found to be 
usefiil: 



Component Concentration 

(mg/ml) 

polyphenolic protein (component a) 0.1 - 50, preferably 0.3 r 10 
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polymer with carbohydrate grouos n i en . 

ic groups 0.1 -50, preferably 0.3- 30 



composition. 



In case the composition is supplied as «!» of .. 

the same era higher cc^cenJT r component is p^vided i, 

w.Uheob.ain«,CZlT 

Example J 

o.*™..u,nd«2:'.:2!rrj:.:n^r;:L— 



TJe pRome MM. solution was adjusted to a slight, .Mn^pH. usuaUy to 7 5 
^5 but m add-uona, experiment, up to about 9.5. ll^ e^L ' 

perfoimed on anaesthetised rats. ™«swere 
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The cornea was deepithelialized. A wound was created surgically in the centre of 
the cornea, with the aid of a trephine with diameter of 3 mm. The Bowmans 
membrane and stroma was excised with a knife and fine scissors, down to the 
vicinity of Descemets membrane. A block of corneal tissue was hereby isolated 
and removed from its original site. At least S iiL of NfAP and 3\iL 10 mg/ml 
aqueous heparin solution was administrated into the wound cavity and thereafter 
were the shortly before removed corneal tissue pieces repositioned into the cavity 
to test for adhesion and reattachment mediated by the MAP glue. Adherents was 
achieved between the stroma Augments and the wound cavity in the cornea after 5 
minutes, as v^ gently tested with the aid of ophthalmic tweezers and an 
operating microscope. The MAP-glue combination did not add any obvious extra 
intensity with regard to the inflammatory reactions during the first days. The 
corneal wound was covered by epithelium within two days. No adverse effects 
could be recognised by visual inspection or by microscopy that could be related to 
the MAP composition. 

Histopathological examinations of those comeae, that still had stromal fi^gments 
attached, after 5 and 7 days revealed that the MAP-heparin combination seemingly 
did not aggravate the inflammatory response in either the pomea or in the limbus 
and conjunctiva as compared to that in specimens fix)m animals having had a 
wound cavity in the cornea for the same time period. There was in places down- 
growth of epithelial cells into the comeal wovmd beneath the reattached stromal 
Augments, but not to that extend that they detached. 

Example 2 

Purified MAP (0.81 mg/mL, BioPolymer Products AB) in either 1 % citric or 1 % 
lactic acid had its pH adjusted to usually to 7,5 - 8.5, but in some experiments up 
to about 9.5. Heparin and laboratory chemicals were of highest available purity 
and purchased fi-om Sigma and Merck. The experiments were performed on 
anaesthetised rats according to the rales specified by the ethical permissions. 
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3uL 10 mlT '^"^'^ o^Mim site. A. I«a 5 ML of MAP 

iw««i<te was administrated . I*'') »q<Mous hydrogen 

into the wound cavilv eitliM.™.. i. ■ 
a.e shorty before removed eon,eal tjl " '^'^ "^"^ 

to te« for adhesion and reatt,!! "^"^ ""^"'^ "".y 

unesion and reattachmewmediated by the MAP eln. B-«j 

«*>eved between the stroma fi,., . = fue- Bondmg was 

"re sai>ma tragments and the wound o^h. i. .1. 

fflinutes, as very genfly tested »-,h.K . °^'^""^">^tlet5 
tatensity with r^,.^ '™"™"» <*v,ous extra 

-'-be^^^J^f-'-^'^-'^-Noadve.seeireo.s 

Histopathological examinations of comeae with si™™. *. 

S a«J 7 days revealed that the MAP hen? ^""^ 

asi-avate the inflammatery t "^^^ 

conjunctiva as compared " » *e limbu, and 

cavityinthecornirjs^l^r"^'^^'"^-™- 
epitheUal cells into the come^r " " 

'*^'^'*«'*'"»'<«»ofcontactwifl„he corneal 

Examples 

P«ifi«iMAP(0,8In.g^Bi„P„,ymerProductsAB)i„ei,h., ,y . 
bchcaddhaditspHadjustedteusuallytoTS ^ ' ""^ " "4 
about 9.5. Chondroitin sulfite and tab «P«im«,ts up to 

•«>. sulfite a,d hO^ratory chemicals we« of highest available 
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purity and purchased fiom Sigma and Merck. The experiments were perforaied on 
anaesthetised rats according to the rules specified by the ethical permissions. 

The cornea was deepitfaelialized. A wound was created surgically in the CCTtre 
through roughly half of &e cornea, with the aid of a trephine with diametCT of 3 
nun. The Bowmans membrane and stroma was excised with a knife and fine 
scissors, down to the vicinity of Descemets membrane. A block of corneal tissue 
was thereby isolated and removed from its original site. At least 5 \xL of MAP, 
3^L 24 mg/ml aqueous chondroitin sulphate and 2 jiL 6 % (w/v) aqueous 
hydrogen peroxide was administrated into the wound cavity, either once or twice. 
Thereafter was the shortly before removed corneal tissue pieces repositioned into 
the cavity to test for adhesion and reattachment mediated by the MAP glue. 
Bonding was achieved between the stroma fragments and the wound cavity in the 
cornea after 5 minutes, as very gently tested with the aid of ophthalmic tweezers 
and an operating microscope. The MAP-glue combination did not add any obvious 
extra intensity with regard to the inflammatory reactions during the first days. The 
corneal wound was covered by epithelium within two days, although there seemed 
to be irregularities in the epithelial cell layering. No adverse effects could be 
recognised by visual inspection or by microscopy that could be related to the MAP 
composition; 

Histopathological examinations of comeae with stromal fragments attached, after 
5 and, for one rat^ 7 days revealed that the MAP- chondroitin sulphate combination 
seemingly did not aggravate the inflanrniatoiy response in either the cornea or in 
the limbus and conjunctiva as compared to that in specimens from animals having 
had a wound cavity in the cornea for the same time period. There was no distinct 
down-growth of epi^Iial cells into tiie corneal wound. 

Example 4 

Purified MAP (0.81 mg/mL, BioPolymer Products AB) in either 1 % citric or 1 % 
lactic acid had its pH adjusted to usually to 7,5 - 8.5, in some experiments up to 



wo 01/44401 jQ 



WO0I/4440I 

II PCT/SE00/a2S33 

about 9S. Hyaluronan (aqueous solution, 10 mg/ml) chit05«„ f.n 
-^-)...o.o..^^ 

by the ethical pennissions. ^'^^^^^^ to the rules specified 

lTiesu.^calpiocedu,.wasperfom.edasinexampel 1 -3 Fairly .oodho h- 

were achieved between . ^ - '^ajriygoodbondwg 

"icvea oetween the stromal pieces and the surroundin.. i ^ 
achieved resuliswp«.i« ''"^'^™»g ongnal cornea. The 

Example 5 

a.e.po,««, ,„6»m«.s mHfcrmcrescopic obs«v«i». A solution V 

B piug and the remaining cornea. The cornea plue was tfien 
~-.^U,.ep..po..o.A<.«.o.w...J^t 



wo 01/44401 J 2 PCT/SEO0/O2S33 

Visual inspection and microscopy was performed during 5 days, and occasionally 
7 days. There was an inflammatory reaction in tiie conjunctiva and blood vessels 
tended to grow towards the area of surgery. The central cornea remained in 
position fixed to the sunounding cornea. The cornea was rerepethilialized in 2 
days. There was edema and slight to moderate opacities in and adjacent to the 
woimd area. Histopadiology of the cornea revealed a slight to moderate 
inflammation along the zone of surgery. Epitiielial cells cover the anterior sur&ce 
but as well could be detected as strings along parts the lateral interface of the 
- corneal plug. Leukocytes and macrophages adhered to the zone of injury, facing 
the antoior diamber. The achieved resiilts thus indicate that MAP in conjunction 
widi heparin and an oxidising agent could be used to safely glue a corneal plug 
back to its site of surgery. 

Example 6 

Purified MAP (0.81 mg/mL, BioPolymer Products AB) in 1 % citric acid had its 
pH adjusted to usually to 7,5 - 9.5. Heparin and laboratory chemicals were of 
highest available purity and purchased firom Sigma and Merck. The ejqperiments 
were performed on anaesthetised rats according td the rules specified by tiie 
ethical permissions. 

The cornea was deepithelialized. Surgery and application of the bonding mixture 
was performed as in example 5. Adhesion was achieved between the central plug 
and peripheral part of the original cornea after 5 minutes, as veiy gently tested 
with the aid of ophthalmic tweezer^ and an operating microscope. 

The results obtained was in good agreement with those presented in example 5 
for in this case MAP in citric acid and heparin, both with regard to the clinical 
outcome and the histopatholoy as investigated after 5 days. 
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Example 7 . 

fixan Sigma and Merck. The . • available punty and purchased 

•^niicnveezereaiKlmopcratniginicroscope. 
Visual inspection and mcroscopy TOs DBrfb™^ . 

»pos.acn fixed u, ft. su^^diog^. Tie cornea wr^ .^" 
days, There was edema ^ ™"»«re-q>etluliali2edin2 

-"d-ea.Hi^opICitT'r''"'""''"^^ 
tafl3n»«i„„ in Z zoneT 7 ' '° 

However, -onrl iZitr"' r^"^ "-""-^ • 

^.^4pir:r:r:^^^^^^^ 

zoneofinjiny &cin.fl,e™ l!^^ "^'"*'' 
Example 8 

PurifiedMAP(0.81mg/na,BioPoIymerP««JuctsAB1ini./ I • 
PH acSusted .0 7,5 - 9.5. Cond-oii JTZZT ' 
laboratoiy clBmicals we» of 1, 

'»>"«k««ofhgl,es..v.il,blepuri,yandpu.clu«edfi,»Sigma 
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and Merck. The e3q)eriments were perfonned on anaesdietised rats according to 
the rules specified by the ethical permissions. 

The cornea was deepithelialized The surg^ and the treatment with MAP» 
chondroitin sulphate and oxidizing agent was perfonned as in example 7 

The results obtained agreed with those in example 7 The achieved results thus 
indicate that MAP (in lactic acid) in conjimction with chondroitin sulphate and an 
oxidising agent coiild be used to safely reattach a corneal tissue plug to the cornea. 

Example 9 

Purified MAP (0.81 mg/mL, BioPolymer Products AB) in either 1 % lactic acid 
or in 1 % citric acid had its pH adjusted to 7,5 • 9.5. Chitosan (10 mg/ml, aqeous 
solution), hyaluronan (lOmg/ml, aqeous solution) and laboratory chemicals were 
purchased to be of highest available purity. The experiments were performed on 
anaesthetised rats according to the mles specified by the ethical permissions. 

The cornea was deepithelialized. The surgery and the treatment with MAP, 
hyaluronan or chitosan and oxidizing agent was performed as in example 7 
The results obtained with chitosan roughly agreed with those in example 7 , while 
hyaluronan worked in tiie acute situation but no long term results were achieved. 
The results indicate that MAP in conjunction with additional polysaccharides and 
an oxidising agent could be used to reattach a corneal tissue plug to the cornea. 

Example JO 

Purified MAP (0.9 mg/mL, BioPolymer Products AB) in 5 % acetic acid had its 
pH adjusted to become alkaline. Heparin and laboratory chemicals were of 
highest available purity and purchased from Sigma and Merck. The experiments 
were performed on anaesthetised rats according to the rules specified by the 
ethical permissions. 
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»d pcnpheral pan of Zil. f^" '"^"^ b«„«, e».„U plug 

^a^cnveezere and an operating microscope. 
The results obtained was in o^^a - 

Example J J 

available pun., and ^ ^i^ J^^ItZLl 

we,epu„=haMdfion,Eftic<m.cutm™rn 0-0) 

am«m, cwmsman pieces rmging in lenahfiomi in 
mm and eventually added to die MAP solud™n„ • '"'«**'"'>-'0 

reacted to « Ie«« half of i., 1 ' cylinder ™ slo^ 

o at least Half of , is thickness flom die original cornea with »H 

befo« use. Of 20 „ MAP soh«i«„o ^ 

sumres (lOmgAnl „f final coniposid™,)and 10 ul 6 »/ fw/ . 

peroxide solution, was «»,Iiert , ^ ^ ''>'*°8« 

»ddie,»iaini;zrii:^„7^''7''''»'--'»^- 

«P«M».Adhio„^r«ZrI T "'"'''''■^''''^'^'"^ 

Original con»aaftn^! °"'^'''"*'"''P"*'*«''«««f 
g =°»"»fter5-10nimutes.asveo-gemlytestedw,d>aidof 

cphdialouc nuc^suigeo- instnnnents using an n^c^scop. 
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Visual inspection and miooscqpy was performed during the subsequent 3 hours. 
There was good adhesion between the central corneal plug and the surrounding 
residuing cornea. The small defects in the interface zone were filled by the glue 
with its filaments. 

The achieved results thus indicate that MAP in conjimction with heparin, an 
oxidising agent and very fine filaments could be used to safely glue a corneal plug 
back to its site of surgery and to fill and bridge defects in the tissue. 

Example 12 

Purified MAP (0.81 mg/mL, BioPolymer Products AB) in either 1 % citric or 1 % 
lactic acid had its pH adjusted to usually to 7,5 - 8.5, but in some experiments up 
to about 9.5. Hq[)arin and laboratory chemicals were of highest available purity 
and purchased firom Sigma and Merck. The experiments were performed on 
anaesthetised rats according to the rules specified by the ethical pexinissions. 

The cornea was deepithelialized. A woxmd was created surgically in the centre 
through roughly half of the cornea, with the aid of a trephine with diameter of 3 
mm. The Bowmans membrane and stroma was excised with a knife and fine 
scissors, down to the vicinity of Descemets membrane. A block of corneal tissue 
was thereby isolated and removed from its original site. At least 5 fiL of MAP, 
3^L 10 mg/ml aqueous heparin solution and 2 ^L 2 mM sodium periodate was 
administrated into the wound cavity, either once or twice. Thereafter was the 
shortly before removed corneal tissue pieces repositioned into the cavity to test for 
adhesion and reattachment mediated by the MAP glue. Bonding was achieved 
between the stroma fi:agments and the wound cavity in the cornea after 5 minutes, 
as veiy gently tested with the aid of ophthalmic tweezers and an operating 
microscope. The MAP-glue combination did not add any obvious extra intensity 
widi regard to the inflammatory reactions during the first days. The corneal wound 
was covered by epithelium within two days. No adverse effects could be 
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Purified MAP (0.81 ,,,gA,a.BioPoIj™erftoduceARr 

to about 9 J. H«Mria ai lA^, i "Vaimatts up 

n-» acc«<tag ,o the ™,e, specified by the ethic., pe^i,^^ 
The cornea was dea)itheIiaIf7«.H a 

was ftereby isolated aid removed «„„ . "* of corneal tissue 

shonly before™.ovedc««rZ 

--»»-.»t.ac.uj:::rbrr~ 

betweeo«.es.™„«ft3^„,^,J^*^^^»»'^was^^^^ 
«vc^g««.ytestedwia,tteaidofoohlT " 

-c™scope..eM>u...uecJb::::r:rrri'"'^'^ 

was covered by epid.eUuo, ^ ^ ^ 
recoguis^ by visual i„^- "^'^'^•'*''«*«~««fe«5 could be 
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Claims 



1. A bioadhesive composidon comprising 

a) a bioadhesive polyphenolic protein derived from a byssus-fomiing mussel, 
which protein comprises 30-300 amino acids and consisting essentially of 
tandemly linked peptide repeats comprising .3-15 amino acid residues, 
wherein at least 5 % and preferably 6 - 25 % of the amino acid residues of said 
bioadhesive polyphenolic protein are DOPA; 

b) a polymer comprising cari)ohydrate groups, such as heparin, chondroitin 
sulfate, chitosan and hyalurohan; 

c) pharmaceutically acceptable fine filaments; 

d) optionally a non-enzymatic oxidising agent such as hydrogen peroxide, 
nitroprasside ions or periodate ions; and optionally 

e) a filler protein, such as collagen, casein, albumin, elastih, fibronectin and 
fibrin; 

which composition does not comprise any enzymatic oxidising agent or chemical 
cross-linking agent. 



2. A bioadhesive composition comprising 

a) a bioadhesive polyphenolic protein derived from a byssus-forming miissel, 
which protein comprises 30 - 300 amino acids and consisting essentially of 
tandemly linked peptide repeats comprising 3 — 15 amino acid residues, 
wherein at least 5 % and preferably 6 - 25 % of the amino acid residues of said 
bioadhesive polyphenolic protein are DOPA; 

b) a polymer comprising carbohydrate groups, such as heparin, chondroitin sulfate, 
chitosan and hyaluronan; 

c) optionally a non-enzymatic oxidising agent such as hydrogen peroxide, 
nitroprusside ions or periodate ions; and optionally 

d) a filler protein, such as collagen, casein, albumin, elastin, fibronectin and fibrin; 
which composition does not comprise any enzymatic oxidising agent or chemical 
cross-linking agent, for medical use. 
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3Abioadh«,vec«n.po.,tion«c.rfi,gttel.i„2g^ 
phannaceuticaUy accepoble toe fitaneots. fcrmedic.1 »e. 

opt^ adh^ive wkich c be ^ .0 leal perforation,, ,a«^L or 

«^«ans..a^»e«i„a.oU.eb,*ofU.ee.e..o^ai.„ra«,cb .eases 
»d.o^.consm.c«oa«n,«,ad/ora«.chco»ealcon,pon.n,parts. 

5. Ph^naceutical compositions coataining a bioadhesivepolypheooKcp^tcia 
acconUng.0 claim l.«.p„o.„.., aod a polymer acconHag^ cUu. 1 

comp™en,b).asacombiaedbioadh.sivep,ep«ati«,«brsim«luu»oas medical 

«se.whe^sa.dcombin«,bioadhesivep,^tioodoes.o.comprisea„y 

«>^=.«diangagentorehemicdc,oss.linIdng.gea. 

6. Pl»™«e»tical compositions acCoMing o,^ 5 fimhcr comprising a 
penodate ions. 

IhTT^Ir •» claim 5 or Claim « fi^„ eompHsing 

phaimaceulically acceptable fine filamoMs. 

8. Us. of phannacemical compositions according ^ anyone of claims 1 - 7 for 

^-Sasm^corcombinedophUlmicbioadhesiveprepa^^^^ 
per<bnn«.«.s. laceration, „ ^ 

"Dd/oradatdi corneal camponentparts. s smict 

9. Use of phanm^eutical compositions acconiing u, ai^ne of claims 1 - 7 for 
P-P«-gasi^g.eorcombinedbioadbe«vep^.n^■e^,„^^^,^ 
«-u>gcmpUcationsad.ex..oti,eeye.s«has filial sMnandmaco^ 
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membranes including eye lids and the conjunctiva, tear channel system and other 
periocular stmctures and the orbit 
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